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The present invention relates generally to a vaporizer,
and in particular to automatic controls for the vaporizer.

In testing the absorption capacity of filter material,
it is essential for accurate results that the test medium
be constant. For example, in testing filter cannisters, of
the type used in gas masks, for determining whether said
cannisters have the required degree of filtering action, a
fog or smoke consisting of a cloud of fine suspended
- matter is passed through the cannister. The concentra-
tion of said matter at the output of the cannister is com-
pared with the concentration thereof at the input to de-
termine the degree of filtering action. However, for
accurate results, especially when comparing the actions
of different types of filters, both the size and concentra-
tion of the suspended particles of said matter must be
maintained constant at the input to the cannister.

Therefore, the primary object of the present invention
{ is the provision of means for prowdmg a cloud of fine
; suspended matter, wherein both the size and concentra-

i tion of the narncles are maintained at constant prede-

termined values, respectively.

Another object is the provision of automatic controls
for a vaporizer for producing a cloud of fine suspended
matter having particles of predetermined size and having
a predetermined concentration of said particles.

The above and other objects, features and advantages of
the present invention will be more fully understood from
the following description considered in connection with
the accompanying illustrative drawings.

In the drawings:

Fig. 1 is a more or less diagrammatic illustration of an
indicating system, pursuant to the present invention, for
indicating variations in both the size and the concentra-
tion of the particles in a cloud of suspended matter; and
Fig. 2 is a more or less diagrammatic illustration of a
vaporizer provided with a control system operable by
said indicating s _xstem

Referring now to the drawings in detail, the reference
numeral 10 indicates a vaporizer constituted, as here
shown, by an enclosed housing or container 12 provided
with an outlet openmg 14. A receptacle 16 is provided
in the housing and is filled with suitable material 18 for
providing a cloud of fine suspended matter when vapor-
ized. The material 18 may be any material which is suit-
able for the purpose, such as, for example, and not by
way of limitation, dioctal pthalate. In order to produce

Ja smoke or fog having particles of said material, heated
air is directed onto said material through the air conduit
r supply-means 20. Said conduit is provided, as at 22,
with a suitable electric heating element for heating the air
which passes therethrough from the inlet 24 . thereof,
through the outlet 26 thereof. In addition to heating the
air which is directed upon the material in the receptacle
16, it will be noted that the container 12 is also provided,
on the outer surface thereof, with an electric heating coil
30. As here shown, the coils 22 and 30 are connected
in series to a suitable power source, as at 32. It will be
understood that the heated air directed gpon the material
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18 will produce a fog or smoke comprising a cloud con-
taining particles of said material which will leave the
container 12 through the outlet 14 and pass into a con-
duit 34 having a branch 36 connected to the outlet 14.
The heat of said coils serves to control the particle size.
The conduit 34 provides a supply of mixing or quenching
air for the fog which leaves the container 12, and serves
to vary the concentration of said particles. The conduit
34 has an air inlet, as at 38, and is provided with an
electric heating element 40 for heating said quench-air.
The heating element 40 is connected to a suitable source
of power, as at 42.

From the foregoing, it will be apparent that the vapor-
izer 10 has three variables which determine the size of
the particles, as well as the concentration thereof, in the
cloud of suspended matter which passes through the con-
duit 34. As herein used, the term “concentration” means
the number of micrograms of cloud-forming agents or
particles per liter of air, per unit of time, which flow
from the conduit 34. Said variables comprise the
following:

(1) The temperature of the material 18, which is con-‘
trolled by the heating element 30.

(2) The temperature of the heated air directed on said
material through the conduit 20, which is controlled by
the heating element 22. .

(3) The temperature of the mixing or quenching air in
the conduit 34 which is controiled by the heating element
40,

Pursuant to the present invention, apparatus generally
indicated at 44 is provided to automatically control the
energization of the heating coils 22 and 30, and apparatus
generally indicated at 46 is provided to automatically
control the energization of the heating coil 40, whereby
to automatically control said variables for maintaining
both the particle size and the concentration thereof at
predetermined values, respectively, as hereinafter de-
scribed in detail.

From the conduit 34, the cloud of suspended particles
is introduced into an optical column or enclosure 48. In
this connection, 1t will_be at the outlet 50
of thie conduit 34 is connected to the inlet 52 of the column
43 for the passage of the cloud from conduit 34 into
optical column 48, as indicated by the arrows 54 and 56.
The column is also provided with an outlet 58 from which
the cloud Hows into the device under test, for example,
and not by way of limitation, a gas mask cannister pro-
vided With suitable Tilier means. The column 48 is pro-
vided Wil @ suitablé Tight source 60. In addition, the
column is provided with the opposing photo-electric
means or photo-multiplier units 62 and 64. Each photo-
cell unit is provided with an associated polaroid disc or
light-polarizing lens 66 and 68, respectively, which is ad-
justably positioned within the column 48 by suitable ad-
justing means 70 for adjustably rotating the lens about
its axis. It will be understood that each lens is so dis-
positioned relative to its companion photo-cell, that the
only light which the photo-cell receives, is light which
passes through the lens.

With the output from the conduit 34 entering the optical
column 48, at 52, and emerging therefrom at 58, light
rays from the light source 60, will strike the particles
suspended in the cloud or fog and will scatter, pursuant
to the well-known “Tyndall Effect.” This results in the
polarization of the light, the degree of polarization being
dependent upon the particle size. The greater the par-
ticle size, the greater the rotation of the plane of polariza-
tion relative to the axis of travel of the light from the
source 60. Said scattered and polarized light passes
through the polaroxd lenses 66 and 68, and serves to
energize the companion photo-cells 62 and 64, respec-
tively. It will be understood that the lenses 66 and 68 are
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initially adjusted to provide for maximum passage of light
therethrough for a predetermined particle size, for ex-
ample, a particle size of 29 microns. Therefore, it will
be understcod that the amount or quantity of light which
is passed to the photo-cells will change with the degree

or angle of polarization, and further that said degree or
angle of polarization will change with particle size in

‘the optical cylinder 48.

The output of each of the photo-cells is fed to a balanc-
ing circuit generally indicated at 72. As herc shown.
said circuit is constituted by a double-tricde tube 74, each
control grid 76 of which receives the output from onc
of the photo-multiplier units., A micro-ammeter 78 is
connected across the ancdes 80-—80 of said tube so s
to respond to changes in the quantity of light reachinz
said photo-multiplier tubes. It will be understood that
the micro-ammeter 78 is provided with a zero centered
scale so as to provide an indication on each side of zero
for an unbalanced condition in the quantity of light which
reaches each of the photo-multiplier units. Further it
will be understood that the polarized filter lenses 66 and
68 are initially adjusted to provide for a balanced output
of the tube 74 so that the meter 78 is initially set at a
zero indication to indicate said balanced condition. A
power supply, indicated at 82, provides for the ancde
voltages of the tube 74 as well as for the dynode voltages
for the photo-multiplier units. The anode current flow
from each anode of the tube passes through the resistor
84 whercby it will be apparent that the total current
representative of the balanced condition in the circuit
of the tube 74 will flow through said resistor 84. In
order to provide an indication or measurement of said
total current flowing through the resistor 84, provision
is made for the micro-ammeter 86 which is connected
across the resistor 88, the latter having one end con-
nected to the resistor 84 through the tap 90 and the
other end thereof being connected to the power supply
82. The micro-ammeter 86 has a scale which registers
from zero to a predetermined maximum and is pref-
erably not of the zero centered type, as in the meter 78.
Therefore, it will be understood that the meter 86 pro-
vides a measurement of the total output of each of the
photo-multiplier units and therefore indicates the gen-
eral level of illumination of said photo-multipliers and
is practically independent of the percentage or degree of
unbalance which may exist in the amount of light which
reaches each of the photo-multipliers. Consequently, the
meter 86 provides an indication of the amount or density
of the ¢loud, smoke or fog in the optical column 48,
which density is representative of the concentration of
the particles since it is directly related to the number of
micrograms of smoke forming agents or particles per
liter of air. The meter 78 provides an indication of the
particle size of said smoke-forming agents by virtue of
the fact that there is a direct relationship between the
angle of scattering light and particle size, that is, the
angle through which the plane of polarization is rotated.
This is due to the fact that the degree of change in said
angle of polarization is directly related to the particle
size. Consequently, it will be readily apparent that the
combination of the meters 78 and 86 gives complete in-
formation relative to the smoke which is passing through
the optical cylinder 48, the meter 78 indicating larger or
smaller variations in the particle size, and the meter 86
indicating variations in the concentration of the smoke-
forming agents.

Pursuant to the present invention, the meter indications
are utilized to control the previously mentioned variables.

—~Referring now to Fig. 2, the indicator for the zero

centered-meter 78 is illustrated at 92. At one end there-
of, said indicator is provided with a contact 94, and at
the other end thereof it is in circuit with the control
grid resistor 96 of the tube 98. Provision is also made
for the companion contacts 100 and 102 which are inter-
connected by the wire 104, It will be noted that the
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relay 106, in the plate circuit of the vacuum tube 98,
controls the energization of the heating elements 22 and
30 by opening or closing the circuit thereof, as at 108.
It will be understood that the normal plate current flow

through the tube 98 is insufficient to energize the relay
166 for closing the circuit of the heating elements 22

and 30, at 108. With all the particles of a predetermined

desired size, as previously indicated, and with the lenses
66 and 68 and the meter 78 properly adjusted, there will
be a balanced condition in the circuit 72, so that the indi-
cator 94 will be at zero on the scale of said meter.
Assuming now that the particle size changes from the
desired size, there will be an unbalanced condition in the
circuit 72 so that the indicator 92 will deflect, either to
the right or to the left, from the centered position there-
of, dependent upon the degree and the direction of the
unbalance. Upon said unbalance, the contact 94 of the
indicator 92 will engage with either the contact 100 or
the contact 102, as the case may be, said latter contacts
being disposed at the same distance on either side of
the zero indication. For example, a deflection of §
micro-amperes on either side of zero on the meter 78
will effect engagement of the contact 94 with one of the
contacts 100 or 102, whereby to short-circuit the grid
resistor 96 to increase the current flow through the plate
circuit of the tube 98, whereby to energize the relay 106
sufficiently to close the circuit for the heating elements
22 and 30 at 108. Said heaters will then operate to heat
the liquid 18, as well as the air which is directed upon
said liquid through the conduit 20, until the particles
return to the desired predetermined size. Thereupon, the
indicator 94 will return to its zero position, for the
balanced condition of the circuit 72, and open the circuit
of said heating coils.

The meter 86 is provided with an indicator 107 having
the contact 109 at one end thereof, and connected at the
other end thereof to the grid resistor 110 of the vacuum
tube 112. A relay 114 in the plate circuit of the tube
112 controls the energization of the heating element 49,
as at 116. It will be understood that the normal current
flow through the vacuum tube 112 is insufficient to ener-
gize the relay 114 to close said circuit at 116. A contact
118 is disposed for engagement by the indicator contact
109. Assuming now that the meter 86 is set to show a
reading, for example, of 20 micro-amperes for a pre-
determined concentration of particles in the optical
column 48, it will be understood that the contact 118 is
so positioned as to be engaged by the contact 109 when
the latter is deflected to a lesser indication, for example,
of 19 micro-amperes. Therefore, it will be apparent
that if the particle concentration drops below the desired
level, the contacts 109 and 118 will engage to short-
circuit the grid resistor 110 whereby to close the circuit
for the heating element 40, at 116, so as to heat the
quenching air through the conduit 34 until the indicator
107 disengages the contact 118.

From the foregoing it will be readily apparent that
the meter 78, which indicates variations in the particle
size, is utilized in a control circuit for maintaining said
particle size at the predetermined size thereof. Similar-
ly, the meter 86, which is utilized to indicate variation
in the concentration of the particles, is utilized to con-
trol a circuit for maintaining said concentration at a pre-
determined desired level, -

While I have shown and described the preferred em-
bodiments of my invention, it will be understood that
various changes may be made in the present invention
without departing from the underlying idea or principles
of the invention within the scope of the appended claims.

Having thus described my invention, what I claim and
desire to secure by Letters Patent is:

1. In apparatus of the character described, at least a
pair of photo-electric means disposed to be energized by
light rays scattered and polarized by the particles in a
cloud of suspended matter, means responsive to the out-
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put differential of said pair for indicating variation in
the size of said particles from a predetermined size there-
of, and means responsive to the total output of said pair
for indicating variation in the concentration of said parti-
cles from a predetermined concentration thereof.

2. In apparatus of the character described, at least a
pair of photo-electric means disposed to be energized by
light rays scattered and polarized by the particles in a
cloud of suspended matter, means responsive to the out-
put differential of said pair for indicating variation in the
size of said particles from a predetermined size thereof,
and means responsive to the total output of said pair for
indicating variation in the concentration of said particles
from a predetermined concentration thereof, said pair be-
ing disposed in opposition.

3. In apparatus of the character described, at least a
pair of photo-electric means disposed to be energized by
light rays scattered and polarized by the particles in a
cloud of suspended matter, means responsive to the out-
put differential of said pair for indicating variation in
the size of said particles from a predetermined size there-
of, means responsive to the total output of said pair for
indicating variation in the concentration of said particles
from a predetermined concentration thereof, and means
for subjecting a cloud of suspended matter to a light
source for polarizing the light rays intercepted by par-
ticles thereof, said last mentioned means including an
optical column, said pair being disposed in opposition
therein, a source for directing light transversely of a line
extending between said pair, and said columns having
cloud inlet and outlet means disposed to effect a flow of
saifl particles transversely of said line and between said
- pair.

4, In apparatus of the character described, means for
generating a cloud of suspended matter, said generating
means having means operable to vary both the particle
size of said matter and the concentration thereof, and
means for automatically controlling the operation of said
varying means, whereby to maintain said particle size
and said concentration substantially constant, said last
mentioned means comprising at least a pair of photo-
electric means disposed to receive light rays scattered by
the particles, means responsive to the output differential
of said pair for controlling the particle size varying means,
and means responsive to the total output of said pair for
controlling the concentration varying means,

5. In apparatus of the character described, a vaporizer
adapted to contain a supply of material to be vaporized,
said vaporizer having heated-air supply means directed
upon the material for generating therefrom a cloud of
suspended matter and a heated quench-air supply means
for mixing with said cloud, and means automatically op-
erable to vary the temperatures of said air supplies, re-
spectively, whereby to control both the concentration and
the particle size of said cloud.

6. In apparatus of the character described, a vaporizer
adapted to contain a supply of material to be vaporized,
said vaporizer having heated-air supply means directed
upon the material for generating therefrom a cloud of
suspended matter and a heated quench-air supply means
for mixing with said cloud, and means automatically op-
erable to vary the temperatures of said air supplies, re-
spectively, whereby to control both the concentration and
the particle size of said cloud, said last mentioned means
comprising at least a pair of photo-electric means dis-
posed to receive light rays scattered by the particles of
said cloud, means responsive to the output differential
of said pair for controlling the heating of said first men-
tioned air-supply, and means responsive to the total out-
put of said pair for controlling the heating of said other
air-supply means.

7. Apparatus as defined in claim 5, further character-
ized in the provision of heating means for said vaporizer,
said automatically operable means being effective to con-
trol said heating means.
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8. Apparatus as defined in claim 6, further character-
ized in the provision of heating means for said vaporizer,
said heating means being operable under the control of
said output differential,

9. In apparatus of the character described, a vaporizer
adapted to contain a supply of material to be vaporized,
said vaporizer having air-supply means directed upon the
material for generating therefrom a cloud of suspended
matter and a quench-air supply means for mixing with
said cloud, a heating element for each of said air-supply
means, and means automatically operable to control the
energization of said heating elements, respectively, where-
by to control both the concentration and the particle size
of said cloud.

10. Apparatus as defined in claim 9, further character-
ized in the provision of a heating element for said vapor-
izer, said control means being operable to control the
energization of said last-mentioned heating element.

11, In apparatus of the character described, means for
subjecting a dispersion of suspended particles to a beam
of light for polarizing the light rays intercepted and scat-
tered by said particles, a pair of photo-electric means dis-
posed in opposition for energization by the polarized light,
a variable polarizing means associated with each of said
photo-electric means for transmitting thereto polarized
light having a predetermined angle of polarization corre-
sponding to a predetermined particle size, whereby to
provide for a predetermined energization of said photo-
electric means for said predetermined particle size, and
means responsive to the total output of said photo-electric
means for indicating the concentration of the . particles.

12. In apparatus of the character described, means for
subjecting a dispersion of suspended particles to a beam
of light for polarizing the light rays intercepted and scat-
tered by said particles, a pair of photo-electric means
disposed in opposition for energization by the polarized
light, a variable polarizing means associated with each
of said photo-electric means for transmitting thereto
polarized light having a predetermined angle of polar-
ization corresponding to a predetermined particle size,
whereby to provide for a predetermined energization of
said photo-clectric means for said predetermined particle
size, means responsive to the differential output of said
photo-electric means for indicating a variation in the
size of said particles from said predetermined size and
means responsive to the total output of said photo-electric
means for indicating the concentration of the particles.

13. Apparatus as defined in claim 12, further charac-
terized in that said ouput differential means includes a
circuit for balancing the current outputs of said pair for
said predetermined particle size, a meter in said circuit
to indicate the current differential of said outputs as a
function of variation in particle size from said predeter-
mined particle size, and an additional meter connected
to indicate the total current in said circuit as a function
of particle concentration.

14, In apparatus of the character described, means for
subjecting a cloud of suspended particles to a beam of
light for polarizing the light rays intercepted by said
particles, and means responsive to the polarized light for
indicating the concentration of said particles in said cloud,
said means including a pair of photo-electric means each
provided with a respective polarized filter device arranged
to receive light from the particles substantially perpen-
dicular to the path of the light beam and at opposite sides
thereof, respectively, and means deriving the differential
between the output of said photo-electric means for indi-
cating the size of particles in the cloud.

15. Apparatus in accordance with claim 14, including
means for additionally deriving the combined output of
said pair of photoelectric means for indicating the con-
centration of particles in the cloud.

16. In apparatus of the character described, means for
subjecting a cloud of suspended particles to a beam of
light causing the light rays intercepted by the particles
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to be scattered and polarized, a pair of photocells each
having a polarized light filter spaced apart and disposed
laterally of the beam of light to which the cloud is sub-
jected, and means responsive to the differential output of
the photocells for indicating the size of particles in said
cloud.

17. In apparatus of the character described, means for
subjecting a cloud of suspended particles to a beam of
light causing the light rays intercepted by the particles
to be scattered and polarized, a pair of photocells each
having a polarized light filter spaced apart and disposed
laterally of the beam of light to which the cloud is sub-
jected, and separate means responsive both said photo-
cells for separately indicating the size of the particles
and the concentration thereof in said cloud.

18. In apparatus of the character described, means for
generating a dispersion of suspended particles includ-
ing control means for varying the size of the particles
in the dispersion, means for subjecting the particles to a
beam of light that is scattered and polarized by the parti-
cles, a pair of photocells each having a polarized light
filter spaced apart and positioned laterally of said light
beam, and means for deriving the differential output of
said photocells, said last-named means being in control
relation to said control means for maintaining the parti-
cle size substantially constant.
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19. In apparatus of the character described, means for
generating a dispersion of suspended’ particles including
control means for varying the size and concentration of
particles in the dispersion, a pair of photocells each hav-
ing a polarized light filter spaced apart and positioned
laterally of said light beam, and means for separately
deriving both the total output and the differential output
of said photocells, said last-named means being in con-
trol relation to the control means of said dispersion gen-
erating means for separately maintaining the concentra-
tion of the particles and the size of the particles sub-
stantially constant.
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